Background: There has been an increase in worldwide infections caused by carbapenem-resistant Acinetobacter. This poses a therapeutic challenge as few treatment options are available.
Introduction
Acinetobacter spp. is a cause of nosocomial pneumonia, bacteraemia, urinary tract infections and secondary meningitis. Antimicrobial drugs frequently reported as active against Acinetobacter spp. include carbapenems, polymyxins, ampicillin/sulbactam, amikacin, rifampicin and tetracyclines. Currently carbapenems are considered the treatment of choice.
Unfortunately, over the past several years, there has been a worldwide increase in infections caused by carbapenem-resistant Acinetobacter. 1 -3 This poses a therapeutic challenge as few treatment options are available.
To date, there are no randomized clinical trials published to evaluate the best antimicrobial regimen for treating these infections. In non-randomized clinical studies and case series, success has been reported with treatment with polymyxins and sulbactam.
Pseudomonas. The major adverse effects are nephrotoxicity, neurotoxicity and neuromuscular blockade. 17, 18 Sulbactam, a b-lactamase inhibitor, has good in vitro activity against Acinetobacter spp. 19 and has been used successfully for treating carbapenem-resistant Acinetobacter strains. 4,5,14 -16 Sulbactam is commercially available in combination with ampicillin in a fixed 2:1 ratio. In general, it is well tolerated and the most frequent adverse effects are pain at the injection site, diarrhoea and rash.
Our objective was to investigate the effectiveness and safety of intravenous polymyxins (colistin or polymyxin B) and ampicillin/sulbactam for treating infections caused by carbapenem-resistant Acinetobacter spp., and to evaluate prognostic factors.
Methods

Patients and definition of infection
We performed a retrospective review of the consecutive case records from two large teaching hospitals of all patients from 1996 to 2004 who had nosocomial infections caused by carbapenemresistant Acinetobacter spp. Hospital das Clínicas has 2200 beds of which 1000 are in the main building where this study was conducted. Hospital do Servidor Público Estadual has 900 beds. Both are tertiary-care hospitals. The patients were identified by the databases of the infection control departments. These electronic databases have information on nosocomial infections and causative microorganisms, which are collected prospectively by the infection control teams as part the hospital infection surveillance systems. We used them only to retrieve patient's hospital records.
The study was approved by the Ethics Committee of both hospitals (approval number: 661/04) and all medical records were reviewed by a physician (M. S. O.).
Diagnosis of infection was based on CDC criteria 20 plus the isolation of Acinetobacter from a usually sterile site or from quantitative bronchoalveolar lavage (10 000 cfu/mL). Only organ-space surgical site infections were included. Urinary tract infections were not included. This information was obtained from the databases of the infection control departments, thus had been collected prospectively by the infection control nurses.
Identification was performed using routine microbiological methods. Identification and susceptibility testing were performed by an automated broth microdilution method (Vitek, bioMérieux, Hazelwood, MO, USA). The breakpoints were those defined by the CLSI (formerly the NCCLS).
21,22 Susceptibility to polymyxins was not performed as the methods for this were not standardized until 2005. We considered that all isolates were susceptible, because polymyxin B showed excellent in vitro activity against 2621 Acinetobacter isolates in a previous study.
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The following variables were collected from all available medical records for each patient: dates of admission to the hospital and to the unit in which the Acinetobacter infection occurred; gender; age; presence of co-morbidities; severity of illness according to Acute Physiological and Chronic Health Evaluation II (APACHE II) score at the time of patient's admission to the unit (both hospitals provided systematic documentation of variables included in APACHE II score as they have standardized forms for patients' daily evaluation) 24 ; antibiotic use and invasive procedures during the 10 days previous to the diagnosis of infection; surgery during the 60 days previous to the diagnosis of infection; diagnosis of infection; diagnosis of septic shock; date and site of isolation of Acinetobacter.
Outcomes
Clinical outcomes of the treated patients were classified as: cure, improvement, failure or indeterminate. 'Indeterminate' was defined as death or change in treatment within 72 h of beginning the initial regimen. 'Improvement' was defined as eradication of all the signs and symptoms of infection (except fever), which allowed discontinuation of antimicrobial therapy defined by the assistant physician. 'Cure' required the same criteria of improvement plus the disappearance of fever and, when the patient was in an intensive care unit (ICU), either extubation or discharge from the ICU was required. 'Failure' was defined as death or persistent signs and symptoms of infection or persistent isolation of Acinetobacter; or change of antibiotic between 3 and 7 days after treatment initiation.
A cohort study to determine prognostic factors was performed. We excluded the untreated group and included only patients treated with ampicillin/sulbactam or polymyxins. The following data on the treatment regimen were obtained: dosage, route, duration of treatment and other simultaneous antibiotic treatments.
The outcomes for the cohort studies were: mortality during treatment and in-hospital mortality.
Adverse effects
Renal function during treatment was monitored by measuring the serum creatinine levels. Renal failure was defined as a 2-fold increase in serum creatinine at any time during the treatment compared with the level at the start of therapy or an increase by 1 mg/dL if initial creatinine was abnormal (.1.4 mg/dL). 25 We evaluated the reporting of any neurological abnormalities, such as seizures, facial paresthesia and altered mental status. Neurotoxicity was defined as the presence of these signs or symptoms that were not related to another neurological diagnosis. We also monitored reports of skin rash and diarrhoea.
Data analysis
We described clinical characteristics of these infections, such as treatment and adverse effects, and evaluated two outcomes: death during treatment and death during hospitalization.
Continuous variables were presented as means + SD, median and range, and for categorical variables, we calculated frequency. Groups of treated patients ( polymyxin versus ampicillin/sulbactam) were compared with the two outcomes using the x 2 test for categorical variables and the Mann-Whitney test for continuous variables. Data were analysed using EpiInfo 6.04 software (CDC, Atlanta, USA). A P value of 0.05 was considered statistically significant.
Multivariate analysis using the logistic regression method was performed using Stata 7.0 (Statacorp, TX, USA) including all variables with a P value of 0.25 or lower in the univariate analysis. Odds ratio (OR) and 95% confidence interval (95% CI) were calculated for each variable. Variables in which 95% CI did not include 1.0 were maintained in the final model.
Results
During the study period, there were 283 infections caused by carbapenem-resistant Acinetobacter spp., of which 9 were treated with both regimens and 8 received other antibiotics (4 patients were treated with ciprofloxacin, 3 with piperacillin/ tazobactam and 1 with gentamicin). Ninety-nine patients did not receive adequate antimicrobial treatment.
Non-treated patients presented median age of 60 years (range: 1-87) and median APACHE II score of 18 points (range: 2 -40). Most of them had been submitted to invasive procedures: 83% were under mechanical ventilation, 92% had a central venous catheter and 91% had a urinary catheter. Eighty-five per cent were in an ICU when the Acinetobacter infection occurred. Bloodstream infection was the most common infection site (62%), followed by pneumonia (20%) and surgical site infection (10%). In-hospital mortality was 91% and death occurred within the first 72 h after isolation in 75% of the cases.
These 116 patients (99 non-treated, 9 treated with both regimens and 8 treated with other antibiotics) were excluded.
Eighty-two patients received polymyxins and 85 were treated with ampicillin/sulbactam. The demographic and clinical characteristics of these 167 treated patients are summarized in Table 1 .
The median hospital stay before the diagnosis of the Acinetobacter spp. infection was 26 days (range: 1 -275) for the polymyxin group and 23 days (range: 0-201) for the ampicillin/ sulbactam group.
Median time between Acinetobacter isolation and treatment was 4 days (range: 28 to 23) for the polymyxin group and 4 days (range: 25 to 13) for the ampicillin/sulbactam group. Median daily dose was 5.1 million units (MU) for colistin (range: 1.0-9.0 MU), 1 MU for polymyxin B (range: 0.4 -1.5 MU) and 9 g for ampicillin/sulbactam (range: 1.5-12 g). The treatment duration was 11.5 days (range: 0-50) and 14 days (range: 1 -30) for polymyxins and ampicillin/sulbactam, respectively. Simultaneous antimicrobial use was common: 29% and 28% of patients using polymyxins and ampicillin/sulbactam received carbapenems, and 70% and 60% received vancomycin, respectively. Aminoglycoside use was infrequent: 2% in the polymyxin group and 4% in the ampicillin/sulbactam group.
The clinical outcomes for patients treated with ampicillin/ sulbactam or polymyxins are summarized in Table 2 .
The onset of renal failure occurred in 18 of 69 patients (26%) in the polymyxin group and in 21 of 81 (26%) in the ampicillin/ sulbactam group. No symptoms of neurotoxicity were observed. Skin rash was observed in 3 (4%) and 11 (13%) of the polymyxins and ampicillin/sulbactam groups, respectively.
Potential prognostic factors for mortality during treatment were evaluated by univariate analysis (Table 3 ). Older age, higher APACHE II score, septic shock, cancer and treatment with polymyxins were significantly associated with mortality during the treatment. Table 4 shows the univariate analysis of potential prognostic factors for in-hospital mortality. Significant factors were: older age, hospitalization in Hospital das Clínicas, higher APACHE II score, septic shock and mechanical ventilation on the first day of treatment.
The following variables were included in the multivariate analysis of prognostic factors associated with mortality during treatment: age (classified as 58 and ,58 years, the median age of all patients), cancer, septic shock, APACHE II score (classified as 15 and ,15 points), treatment ( polymyxin or ampicillin/sulbactam), time elapsed before starting antibiotics (classified as 48 and .48 h) and hospital involved.
Variables included in the multivariate analysis to evaluate in-hospital mortality were: age (classified as 58 and ,58 years), cancer, septic shock, mechanical ventilation, APACHE II score (classified as 15 and ,15 points), treatment ( polymyxin or ampicillin/sulbactam) and hospital involved.
Multiple logistic regression analysis revealed that treatment with polymyxins, higher APACHE II score, septic shock, delay in starting treatment and onset of renal failure were independent 63 (77) 54 (64) predictors of mortality during treatment. Older age, septic shock and higher APACHE II score were prognostic factors for in-hospital mortality (Table 5) .
Discussion
Despite the increasing frequency of infections caused by multidrug-resistant Acinetobacter, studies evaluating therapeutic options against these infections are scarce. Our objective was to investigate the efficacy and safety of polymyxins and ampicillin/ sulbactam for the treatment of these infections and prognostic factors for mortality. There were three major groups: patients who did not receive adequate treatment, those treated with ampicillin/sulbactam and those treated with polymyxins, of which half of them received colistin and half received polymyxin B. The polymyxin group contained significantly older patients, more frequently submitted to surgical procedures and had more patients with cancer. However, we believe that multivariate analysis adjusted for these differences. Seventy-five per cent of the non-treated patients died within 72 h of specimen collection, suggesting lack of time to identify the aetiological agent and start treatment. The fact that these patients presented a slightly higher APACHE II score than the other two groups suggests that they had a worse underlying clinical condition.
Among treated patients, we analysed two outcomes: mortality during treatment and in-hospital mortality.
The main finding of our study is that treatment with polymyxins was independently associated with death during treatment when compared with treatment with ampicillin/sulbactam. We also demonstrated, in agreement with the findings of other studies, 26 -28 that the time to start the antibiotic regimen is an important factor in determining outcome. Other variables independently associated with mortality during treatment of patients with severe carbapenem-resistant Acinetobacter spp. were: severity of clinical condition (especially septic shock) and renal failure during treatment. These variables reflecting patients' underlying disease and clinical condition have been found to be the predictors of mortality in patients with Acinetobacter infections in previous studies.
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The choice of the antibiotic was not significantly associated with in-hospital mortality. A possible explanation for this observation is the severity of the illness of our population. In general, it may be difficult to distinguish mortality attributable to Acinetobacter baumannii infection from that attributable to the co-morbidities in severely ill patients. Thus, in this scenario, antibiotic treatment may not be a major determinant of survival. Infections by Acinetobacter may even be considered markers of severity of the patient's clinical condition and high risk of death during hospitalization.
Another interesting finding in our analysis was that renal failure during treatment occurred in the same proportion (26%) in both groups. However, the ampicillin/sulbactam group had more patients with baseline renal dysfunction, which may have influenced the treatment choice of the physician to use ampicillin/sulbactam. Neurotoxicity was not observed, but this may have been underestimated as most patients were sedated and under mechanical ventilation. A recent review, however, suggested that polymyxins are less toxic than previously reported. 31 The main limitation of our study is that it is retrospective. Nevertheless, we used strict diagnostic criteria for infections and found that medical records provided adequate information. Clinical prospective randomized drug trials are very expensive and have been financed almost exclusively by pharmaceutical companies. Badly needed drugs that lack commercial interest, such as polymyxins, have low chances of being studied in prospective trials financed by the pharmaceutical industry. Funding will have to be obtained through non-profit organizations.
To our knowledge, this is the first study comparing current therapeutic options for infections due to carbapenem-resistant Acinetobacter. The most important finding of the present study is that ampicillin/sulbactam appears to be a more efficacious therapy than polymyxins.
